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7RHVWLPDWHWKHSHDNVWUHVVDQGWKHDYHUDJHVWUHVVRIWKHYDULRXVFURVV VHFWLRQV RIWKHEODGHDQGGLVFZKHQ
UXQQLQJDW  RYHUVSHHGRIWKHPDFKLQHWKHQ1HXEHU¶VUXOHLVDSSOLHGRQOLQHDUVWDWLFUXQWRDFKLHYHQRQOLQHDU
WRWDOVWUDLQ 7KH PHWKRG RI DVVHVVLQJ /&) OLIH RI D FRPSRQHQWZLWKWKH HIIHFWLYH XVH RI F\FOH YHUVXV VWUDLQ DPSOLWXGH
UHODWLRQ WR GHWHUPLQH WKH OLIH RI DQ LQWDNH DVVHPEO\ IRU D KRW JDV H[SDQGHUEDVHG RQ WKH )LQLWH HOHPHQW DQDO\VLV
UHVXOWVFRPSDULQJZLWKJUDSKLFDODQGDQDO\WLFDO
 0HWKRGRORJ\
7XUERPDFKLQHU\EODGHDQGGLVNLVDQDO\VHGE\H[SORLWLQJWKHF\FOLFDOO\V\PPHWULFQDWXUHRIWKH/3VWDJH
DVVHPEO\WKHUHE\UHGXFLQJWKHFRPSXWDWLRQDOWLPH2QHF\FOLFVHFWRURIWKHV\VWHPLVFRQVLGHUHGIRUWKHDQDO\VLV
7KHJHRPHWULFPRGHOLVJHQHUDWHGXVLQJ&$'SDFNDJH 6XUIDFHWR6XUIDFHFRQWDFWSDLUVZHUHFUHDWHGEHWZHHQWKH
EODGHDQGGLVNPDWLQJVXUIDFHV)ULFWLRQOHVVFRQWDFWLVDVVXPHGDWWKHEXWWLQJIDFHV7KHEODGHLVDOORZHGWRWDONRQO\
WRGLVNEXWWLQJIDFHXQGHUFHQWULIXJDOSXOOWKHUHE\VLPXODWLQJ WKHKLJKHVWSRVVLEOHSXOO$PDWFKLQJQRGHSDWWHUQLV
PDLQWDLQHGDWWKHEODGHURRWDQGGLVNKRRNSUHVVXUHIDFHVLQRUGHUWRDYRLGDQ\DPELJXLWLHVRQVWUHVVYDOXHVGXHWR
FRQWDFW HOHPHQWV ZKHUH WKH ORDGV WUDQVIHU EHWZHHQ EODGH DQG GLVN WDNHV SODFH &\FOLF ERXQGDU\ FRQGLWLRQV DUH
DSSOLHG7KHEODGHDQGGLVNERWKDUHDVVXPHGWREHPDGHXSRIFKURPHVWHHOZLWK\LHOGVWUHVVRI03D<RXQJ¶V
PRGXOXV*3DGHQVLW\NJP DQG3RLVRQ¶VUDWLR 0DKHVK6KDQNDUHWDO
5HVXOWVDQG 'LVFXVVLRQV
7KH )LQLWH HOHPHQWDQDO\VLV LV SHUIRUPHG ZLWK WKH ORDGLQJV GHVFULEHG LQVHFWLRQ 7KH DQDO\VLV FRQVLGHUHG
HODVWLF GHIRUPDWLRQ RQO\ 7KHHTXLYDOHQW SHDNYRQPLVHV VWUHVV LVDERXW 03D DW EODGH URRWILOOHWVKRZQLQ)LJ
 DQG 03D DW GLVF URRW ILOOHW VKRZQ LQ )LJ  ZKLFK LV KLJKHU WKDQ WKH \LHOG VWUHQJWK RI WKH PDWHULDO RI
FRQVWUXFWLRQ03D7KHSHDN VWUHVVHV LVUHVXOWLQJDWIHZQRGDO ORFDWLRQVDW ILOOHW UHJLRQ7KHVH SHDN VWUHVVHVDUH
OLQHDU ZKLFKPD\QRWEHIHDVLEOHWR FRQVLGHU +RZHYHU WKHFRUUHFWLRQ IDFWRUV IRUWKHVH SHDN VWUHVVHVDUHGRQHWKURXJK
ELOLQHDUUXQV DQG DUHQHXEHULVHG 7KHVHHODVWLFSHDNVWUHVVHV DUHXVHG RQWRWKHVWUHVVVWUDLQFXUYHRIWKHPDWHULDO WR
REWDLQ WKHQRQOLQHDUSHDNVWUHVV ,QWKHVLPLODUIDVKLRQ WKHWRWDOVWUDLQ µ61¶ FXUYHFDQEHFRPSXWHGWKURXJKQHXEHU¶V
WHFKQLTXHDVZHOOWKURXJKELOLQHDUDQDO\VLV7KHQRQOLQHDUVWUHVVHVDQGWKHQHXEHUVWUHVVHVGHYHORSHGDWWKHEODGHURRW
ILOOHW DQGGLVFURRWILOOHWDUH VKRZQJUDSKLFDOO\ LQ)LJDQG)LJ ,WLVHYLGHQWWKDWWKHOLQHDUVWDWLFVWUHVVUHVXOWVDUHIDU
DZD\ IURPELOLQHDUDQGQHXEHULVHG VWUHVVYDOXHV ,W LVDOVR VLJQLILFDQW WKDWELOLQHDUFXUYH LVFORVHO\DVVRFLDWHGZLWK
QHXEHULVHGVWUHVVYDOXHVDWVSHHGVSHHGDQGVSHHGDVSHU$3, VWDQGDUGV7KH DYHUDJHVWUHVVHVIURP
JURVV\LHOGLQJSRLQWRIYLHZ LQ EODGHURRWILOOHW DLUIRLOEDVH DQG GLVFURRWILOOHWDWPLQLPXPFURVVVHFWLRQLVWDEXODWHG
LQWKH 7DEOH,WLVREVHUYHGWKDWDWFULWLFDOORFDWLRQ VKRZQLQ )LJ WKHDYHUDJHVWUHVVLV 03DZKLFKLVZHOOEHORZ
WKH\LHOGDW RYHU VSHHG $VSHUZHDNOLQN DQDORJ\WKHGLVN LVVWLIIHU WKDQWKH EODGH 7KHZHDNHUVHFWLRQVLQWKH
DVVHPEO\FDQEHUHSODFHGLI LQFDVHRI IDLOXUHVEXWPRGLILFDWLRQVRUUHSDLUV DUHGLIILFXOWVRPHWLPHVLPSRVVLEOHDV
WKHURWRULVDVLQJOHIRUJHGXQLW
UP)F Z 
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)LJ %ODGHURRWILOOHWHTXLYDOHQWVWUHVVGLVWULEXWLRQ )LJ 'LVFURRW ILOOHWHTXLYDOHQWVWUHVVGLVWULEXWLRQ
)LJ  DQG)LJ 0D[LPXP 9RQPLVHV 6WUHVV GLVWULEXWLRQDWEODGHURRWILOOHW DQG GLVFURRWILOOHWIRU YDULRXV VSHHGV
7DEOH$YHUDJHVWUHVVGLVWULEXWLRQDWVSHHG
&ULWLFDO5HJLRQ $YHUDJHVWUHVV LQ03D
$LUIRLO%DVH 
%ODGH1HFN
'LVF+RRN


 )DWLJXH/RDGLQJ2Q6WHDP7XUELQH%ODGHV
,QWKHSUHVHQWZRUNLWLVGHVLUHGWRDFKLHYHPLQLPXP RI  /&)F\FOHV VWDUWXSDQGVKXWGRZQ LQ ERWK
EODGHDQGGLVF2IWHQWKHEODGHURRWILOOHWVDQGGLVNILOOHWVXQGHUJRKLJKHVWSHDNVWUHVVVWUDLQIRUHYHU\F\FOLFORDGLQJ
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7KHUHIRUHVRPHDPRXQWRI SODVWLFVWUDLQJHWVDFFXPXODWHGIRUHYHU\VWDUWXSDQGVKXWGRZQF\FOH 7KHEODGHORDGLQJ
SDWWHUQLVDV VKRZQLQ)LJ
7KHUHIRUHWKHWRWDOVWUDLQDFFXPXODWHG 6XPRIWRWDOHODVWLFWRWDOSODVWLFEDVHGRQWKHGHVLUHGDPRXQWRI
VWDUWXSDQGVKXWGRZQF\FOHVUHTXLUHGIRUDJLYHQFRPSRQHQWDFRPPRQIDFWRUVKRXOGEHFRQVLGHUHGOLNHIDFWRURI
VDIHW\IRUPDQXIDFWXULQJDQG WKHUPDOXQFHUWDLQWLHVWRGHFLGHXSRQWKHPLQLPXPQXPEHURIVWDUWXSDQGVKXWGRZQ
F\FOHVUHTXLUHGWRLQLWLDWHWKHFUDFNLQEODGH$VWKHPLQLPXPQXPEHURIVWDUWXSDQGVKXWGRZQF\FOHVUHTXLUHGWR
LQLWLDWHWKHFUDFNLQEODGHFDQEHIRXQGRXWXVLQJ /&) DQDO\VLVVWUDLQOLIHDSSURDFK FDQEHXVHGIRUWKHDQDO\VLV
)LJ &ULWLFDOUHJLRQLQEODGHDQGGLVF )LJ  %ODGHORDGLQJSDWWHUQ IRUIDWLJXHOLIH
 5HVXOWVRI)DWLJXH$QDO\VLV
6HFWLRQGHVFULEHVWKHLQSXWSDUDPHWHUVUHTXLUHGIRU IDWLJXHDQDO\VLV%DVHGRQDVVXPSWLRQVWKHIDWLJXHOLIH
RIEODGHDQGGLVF LVHVWLPDWHGXVLQJ$QV\V IDWLJXHWRRO )LJ LQGLFDWHVWKHPDUJLQRISRVVLEOHOLIHDYDLODEOHIRUWKH
SUHVHQWZRUNLQEODGHDQGGLVFDWYDULRXVORFDWLRQV7KHEODGHDQGGLVFURRWILOOHWLVWKHPRVWFULWLFDOSRVVLEOH
ORFDWLRQZKLFKXQGHUJRHVVWUHVVUHYHUVDOV7KHIDWLJXHWRROLQGLFDWHVOLIHRIF\FOHVDWEODGHURRWILOOHWZKLFK
OLHVLQFORVHSUR[LPLW\RIDQDO\WLFDOPHWKRGXVLQJ860DQGJUDSKLFDOZKLFKLVLQGLFDWHGLQ7DEOH 8VLQJ860WKH
VWUDLQYHUVXV1XPEHURIF\FOHVRIIDLOXUHSORWLVVKRZQ LQ)LJ ZLWKWKHOLIHHVWLPDWLRQRIF\FOHV
)LJ  )DWLJXHOLIHRIEODGHDQGGLVF
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 &DOFXODWLRQ2I/LIH(VWLPDWLRQ2I6WHDP7XUELQHEODGH
$QDO\WLFDOO\WKHOLIHHVWLPDWLRQRIEODGHLVFDOFXODWHGDV1I  F\FOHV
*UDSKLFDOO\ WKHOLIH HVWLPDWLRQ LV VKRZQEHORZZLWKWKH 7DEOH 
7DEOH1RRI5HYHUVDOV9V7RWDO6WUDLQ
1RRI5HYHUVDOV (ODVWLFVWUDLQ 3ODVWLFVWUDLQ 7RWDOVWUDLQ
 (  (
 ( ( (
)LJ6WUDLQUDQJH9V&\FOHVRIIDLOXUH 0XUDUL 3 6LQJK HWDO 
)LJ 5HVXOWVRIOLIHHYDOXDWLRQ IRUGLIIHUHQWDSSURDFKHV
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)URP&RIILQ0DQVRQHTXDWLRQ ZH REWDLQHGQXPEHURIF\FOHV WR LQLWLDWHDFUDFNDW FULWLFDO UHJLRQVRI WKH
EODGH DQG GLVF 7KHVH OLIH F\FOHV DUH JUHDWHU WKDQ  F\FOHV DV SHU WKH VWDQGDUGV XQGHU =HUR0D[=HUR ORDG
FRQGLWLRQV)URPWKHDERYHLWFRQFOXGHVWKDW WKHEODGHDQG GLVFLVVDIHXQGHUWKHVHORDGFRQGLWLRQV3URSRVHGPHWKRG
RI/&)OLIHHYDOXDWLRQEDVHGRQFULWLFDOVWUDLQDSSURDFKXVLQJ8QLYHUVDOVORSHPHWKRGUHVXOWVLQDFKLHYLQJGHVLUHG
VWDUWXSDQGVKXWGRZQF\FOHVIRUFUDFNLQLWLDWLRQ 7KHOLIHHYDOXDWLRQIRU DQDO\WLFDOJUDSKLFDO DQG$QV\VIDWLJXHWRRO
DSSURDFKHVIRU EODGHDQGGLVFLVDVVKRZQLQ)LJ
 &RQFOXVLRQV
3UHOLPLQDU\ GHVLJQ FRQVLGHUDWLRQV FODVVLFDO IDWLJXH WKHRULHV DQG FRPPHUFLDOO\ DYDLODEOH WRRO UHYHOV WKH
SRVVLEOH/&)OLIHRIWXUERPDFKLQHU\EODGHZLWKIROORZLQJREVHUYDWLRQV
x 7KHPHFKDQLFDO LQWHJULW\ RIEODGHGGLVFDVVHPEO\ LVHQVXUHG XVLQJ VLPXODWLRQ WHFKQLTXH WREXLOGFXVWRPL]HG
PHWKRGRORJ\
x *HRPHWULF DQG PDWHULDO QRQOLQHDULWLHV DUH WDNHQ FDUH IRU ELOLQHDU DQG QHXEHULVHG PHWKRGV FDUULHG RXW XVLQJ
VWUDLQOLIHDSSURDFK
x 7KH FRUUHODWLRQEHWZHHQELOLQHDUNLQHPDWLFKDUGHQLQJDQGQHXEHU¶VUXOH DUHVXFFHVVIXOO\HVWDEOLVKHG WRHVWLPDWH
WKH WRWDO VWUDLQ DQG WR UHGXFH WKHFRPSXWDWLRQDO WLPHZKLFKFDQEHHIIHFWLYHO\PDGHXVH LQGHWHUPLQDWLRQRI
IDWLJXHOLIHLQLQGXVWULDOEODGHV
x &RIILQ0DQVRQHTXDWLRQDQG860DUHHIIHFWLYHO\XWLOL]HGWRHVWLPDWHWKHPLQLPXPQXPEHURIF\FOHV UHTXLUHG
IRUWKHFUDFNWRLQLWLDWH LQEODGHURRWILOOHWDQGGLVNURRWILOOHW
x )DWLJXHOLIHHYDOXDWLRQ LVFDUULHGRXWIRUEODGHDQGGLVFDVVHPEO\ XVLQJFRPPHUFLDOSDFNDJH $QV\V
7KHVWXG\ LQYROYHVDEOHQGRIFODVVLFDODQGVLPXODWLRQDSSURDFK WRHYDOXDWH WKH IDWLJXH OLIHRIDFRPSRQHQW
SXUHO\QRQOLQHDULQQDWXUHZLWKOLQHDUVWDWLFUHVXOWV7KHFXVWRPL]HGPHWKRGRORJ\FDQEHVXFFHVVIXOO\DGRSWHGIRU
EODGHOLIHHVWLPDWLRQ
5HIHUHQFHV
30HVWDQHN  ³/RZF\FOHIDWLJXHDQDO\VLVRIDODVWVWDJHVWHDP WXUELQHEODGH´ $SSOLHGDQG &RPSXWDWLRQDO0HFKDQLFVSS ±
0XUDUL 3 6LQJK %KDEHVK . 7KDNXU:LOOLDP ( 6XOOLYDQ  ͞$VVHVVLQJ 8VHIXO /LIH RI 7XUERPDFKLQHU\ &RPSRQHQWV͟ 3URFHHGLQJV
RI WKH7KLUW\IRXUWK 7XUERPDFKLQHU\ 6\PSRVLXP SS
0XUUDUL3 6LQJK*HRUJH /XFDV ³%ODGHGHVLJQDQGDQDO\VLVIRUVWHDPWXUELQHV´0F*UDZ+LOO3XEOLFDWLRQV
0DQVRQ 6 6 +DOIRUG * 5  ³$0HWKRG IRU (VWLPDWLQJ +LJK7HPSHUDWXUH /RZ&\FOH )DWLJXH %HKDYLRU RI 0DWHULDOV´ 3URFHHGLQJV RI
,QWHUQDWLRQDO &RQIHUHQFH RQ 7KHUPDO DQG +LJK6WUDLQ )DWLJXH 7KH 0HWDOV DQG 0HWDOOXUJ\ 7UXVW /RQGRQ (QJODQGSS
-XOLH$%DQQDQWLQH-HVV-&RPHUDQG-DPHV/ +DQGURFN ³)XQGDPHQWDOVRIPHWDOIDWLJXH DQDO\VLV´ 3UHQWLFH+DOO
-RVHSK(GZDUG6KLJOH\  ³0HFKDQLFDO(QJLQHHULQJ'HVLJQ´)LUVWPHWULFHGLWLRQ0F*UDZ+LOO1HZ<RUN
1HXEHU + ³7KHRU\RIVWUHVVFRQFHQWUDWLRQIRUVKHDUVWUDLQHGSULVPDWLFDOERGLHVZLWKDUELWUDU\QRQOLQHDU VWUHVVVWUDLQODZ´ $60(
-RXUQDORI $SSOLHG0HFKDQLFVSS 
0DKHVK6KDQNDU..XPDU6/$MLW3UDVDG µ75RRW%ODGHVLQ$6WHDP7XUELQH5RWRU$&DVH6WXG\¶ (QJLQHHULQJ)DLOXUH$QDO\VLV
SS 
